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Background/Aims: High intensity focused ultrasound (HIFU) 
utilizes a targeted extracorporeal focused ultrasound beam 
to ablate neoplastic pancreatic tissue. We used an in vitro 
model to examine the effects of bone, metallic stents, plastic 
stents, metal plates, and cyst-like lesions on HIFU treat- 
ment. Methods: HIFU was delivered to the phantom models 
implanted with foreign bodies, and the location, shape, and 
size of the ablated zones were evaluated. Results: Bone and 
metallic plates reflected the ultrasound beam, shifting the 
ablation zone from the focal zone to the prefocal area. In the 
phantoms containing metal stent, plastic stent, and cyst, 
most of the ablative energy was reflected to the prefocal area 
by the surface, with the remainder penetrating through the 
phantom. The area of the ablated margins was significantly 
larger in size and volume than the intended focal ablation 
zone. Conclusions: During HIFU therapy, artificial or ana- 
tomical barriers could affect the direction of the ultrasound 
beams, shifting the ablation zone from the focal area to a 
prefocal site with a larger than expected ablation zone. These 
factors should be considered prior to HIFU treatment for pan- 
creatic tumors because they could limit ablation success, in 
addition to causing complications. (Gut Liver 2014;8:433- 
437) 
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INTRODUCTION 

Pancreatic adenocarcinoma is the fourth leading cause of 
cancer-related deaths in the United States. 1 Patients with pan- 



creatic cancer show very poor prognosis with an overall 1-, 3-, 
and 5-year survival rates of 15%, 5°/o, and 4°/o, respectively in 
the EURO CARE study. 1 Although surgical resection provides the 
best opportunity for cure, only 10°/o to 20°/o of these patients 
present initially with potentially resectable tumors whilst the 
majority with inoperable locally advanced or metastatic dis- 
ease. 2 

Treatment of locally advanced pancreatic cancer is quite 
challenging to most clinicians. Many studies have evaluated lo- 
cal ablation therapies, including cryosurgery, 3 ' 4 radiofrequency 
ablation therapy, 5 and high intensity focused ultrasound (HIFU) 
therapy. 6 ' 7 HIFU is a noninvasive extracorporeal therapy that 
uses ultrasound beams with short wavelengths and MHz fre- 
quencies directed to small volume target areas creating focal ab- 
lation. The absorption of high intensity acoustic energy by the 
target tissues generates thermal heat giving rise to coagulation 
necrosis. It is an image-guided treatment modality that allows 
for accurate targeting focused into a small area provided there 
is an acoustic window to allow propagation of the ultrasound 
beams. 

Recent HIFU applications have focused on tumors located in 
the solid organs of the abdomen. 8 " 12 There have been several 
case series reporting on the use of HIFU to treat patients with 
pancreatic adenocarcinoma. In general, these reports suggest 
that HIFU is an effective therapy for palliation of pain and in 
some cases there were significant reductions of tumor load with 
an objective response rates ranging from 14.6°/o to 74°/o. 13 " 16 

However, as the pancreas is a retroperitoneal organ located 
adjacent to important major organs and blood vessels, potential 
complications could arise as a result of reflection, refraction, 
and absorption of high intensity acoustic energy as it propa- 
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gates through the acoustic window. In addition, the presence 
of bones or gas pockets located in the ultrasound beam path 
around the target area could lead to collateral thermal tissue 
damage due to the increase in energy delivered to the interface 
of soft tissue with air or bone. 17 ' 18 Similar consequences may 
be seen in the presence of metallic or plastic stents inserted for 
complicated locally advanced pancreatic cancers. 

Hence, these external factors could potentially interfere with 
the propagation path of the HIFU beam hindering treatment 
success. Therefore, we used an in vitro model to evaluate the 
influence of these external factors during HIFU tumor ablation. 

MATERIALS AND METHODS 

1. Phantom fabrication 

Phantoms were constructed from polyacrylamide gel mixed 
with bovine serum albumin (BSA), a protein used as a temper- 
ature-sensitive indicator. 19 Polyacrylamide gels were made by 
linking copolymerization of acrylamide and N, N-methylene 
bisacrylamide in an aqueous medium. 19 The mixture comprised 
of 7°/o acrylamide and 9°/o BSA. The phantoms were transparent 
at room temperature. Following HIFU treatment, it would show 
a localized well-defined opaque lesion as a result of BSA dena- 
turation. The formation of the opaque lesions could also be ob- 
served in real-time as hyperechoic areas in B mode ultrasound 
images. 

To simulate in vivo condition, either bone, metal plate, metal 
stent, plastic stent, or a rubber balloon filled with distilled water 
to mimic a cyst was inserted into the phantoms. Integrated B 
mode ultrasound was used to evaluate optically denatured areas 
and to measure the three-dimensional axes of the opaque le- 
sions formed after HIFU ablation. 

2. HIFU treatment system 

The FEP-BY02 HIFU system (YDME, Beijing, China) was used 
for this experiment and has two HIFU transducers; a lower and 
an upper transducer. We used only the upper HIFU transducer, 
which is constructed of 251 individual lead zirconate titanate 
crystal elements and driven in phase at 1 MHz, together with an 
integrated B mode ultrasound imaging probe (Logiq 5; General 
Electric Healthcare, Seongnam, Korea). The HIFU transducer had 
an aperture of 37 cm and a focal distance of 25.5 cm. The focus 
has a -6 dB beam width of 1.6 mm and axial length of 10 mm. 
Treatment was delivered using a computer program that allows 
the operator to identify the target region and specify the electri- 
cal power delivered by the HIFU transducer as well as to input 
the pulse length, duty factor, interval spacing between treatment 
sites and number of pulses per treatment site. 

Therefore we standardized and controlled the main treatment 
parameters by delivering HIFU treatment at a power of 400 W, a 
60 pulse per treatment spot, a unit transmission time of 150 ms, 
and an intermission time of 150 ms. The size of the target area 



was set at 13.4x13.4x15.2 mm. This study was approved by the 
Institutional Review Board at Asan Medical Center, University 
of Ulsan College of Medicine, Seoul, Korea. 

3. Statistical analysis 

Mean±SD of the X, Y, and Z axes were used for descriptive 
statistics. Size increments following HIFU ablation were as- 
sessed using the Wilcoxon signed rank test statistical analysis 
for paired data. All statistical analyses were performed using the 
SPSS version 18.0 statistical package (IBM Co., Armonk, NY, 
USA). 

RESULTS 

1. Ablation shapes and focal zone displacement 

This study revealed that ultrasound beam penetration was af- 
fected by the presence of bone, metal plate, metal stent, plastic 
stent, and cyst-like lesion, hence altering and causing displace- 
ment of the focal ablation zone. In phantoms containing metal 
stents (Fig. 1A), the ultrasound beam was reflected by the metal- 
lic mesh and accumulated largely in the prefocal zone. A small 
fraction of the ultrasound beam penetrated into the metallic 
membrane, forming a small ablated zone in the focal area with- 
in the lumen (arrows). In phantoms containing plastic stents, 
most of the ultrasound beam was integrated in the prefocal 
zone (Fig. IB). In phantoms containing cysts-like lesion, HIFU 
ablation was reflected mainly onto the surface surrounding the 
cyst resulting in a wide elliptical shaped ablation zone (Fig. 1C). 
Meanwhile, in phantoms containing metal plates (Fig. ID) and 
bones (Fig. IE), most of the ultrasound beam was reflected and 
caused shifting of the ablation zone from the focal area to the 
prefocal area. In all models, there were no ablated lesions in the 
postfocal zone. 

2. Areas of ablation 

In all phantom models, HIFU treatment resulted in a larger 
volume of ablation than the intended target volume (Fig. 2). The 
presence of a metal stent, plastic stent, metal plate, cyst-like le- 
sion, and bone also significantly increased the sizes and three- 
dimensional axes values beyond the targeted ablation focus 
(Table 1). 

DISCUSSION 

HIFU offers tremendous potential as an ablative treatment 
modality for solid organ tumors using focused extracorporeal 
ultrasound beams. 12 HIFU is noninvasive and thought to be a 
safe therapy. However, there are certain limitations and risks as- 
sociated with its use. The high intensity ultrasound beams could 
produce burns in the tissues that lie between the transducer and 
the target area. Complications arose as a result of reflection, 
refraction, or absorption of the acoustic energy along the beam 
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Fig. 1. (A) Ablation shapes and focal zone movement. The ultrasound beam partially penetrated into the metal stent (arrows). High-intensity fo- 
cused ultrasound energy was mainly reflected onto the surface of the (B) plastic stent and (C) cyst model. The ultrasound beam reflected from the 
surface of the (D) bone and (E) metal was integrated entirely in the prefocal zone, whereas the ablation occurred in the opposite direction. 
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Fig. 2. Volumetric changes between the pretreatment (pre-Tx) target 
zone and posttreatment (post-Tx) ablation zone. 



pathway or adjacent to the target ablation zone. 8 Thermal injury 
could occur at either the shallower areas of the target lesion or 
unwanted deep penetration over the target area. 

In this study, the presence of biliary, pancreatic and even 
duodenal stents acts as external factors that could contribute to 
a significant role in planning for HIFU treatment. Metal stents 
have a metallic mesh composed of nitinol, whereas plastic stents 
are made of polytetrafluoroethylene. This study revealed that 
the nitinol metallic mesh reflected ultrasound energy to the pre- 



focal zone, with a small fraction of this energy passing through. 
Likewise, the phantom models with the plastic stents showed 
similar prefocal zone ablation whilst the cyst-like lesions which 
are fluid-filled cavities reflected the acoustic energy creating an 
elliptical ablation zone around the cyst surface. As expected, 
both the metal and bone fragments inserted in the phantoms 
impeded and reflected the HIFU energy beam resulting in a pre- 
focal area of ablation. 

In all cases, the area of ablation was significantly greater in 
volume and three-dimensional axes dimension than the intend- 
ed target volume area. Similarly, this is a result of reflection and 
refraction of acoustic energy beyond and away from the focal 
area resulting in a dispersed and widened area of ablation to the 
prefocal zones. 

Therefore, present study demonstrates the significance of 
external factors that can impede the propagation of acoustic 
energy and shift the ablation area to the prefocal region giving 
rise to untargeted heating and potentially undesirable adja- 
cent tissue thermal injury. In clinical practice, the anatomical 
considerations that would have similar interaction with the 
ultrasound beams include the skin, soft tissue with variable at- 
tenuation and densities, i.e., peritoneum, pleura, or abdominal 
wall, the interface reflection between soft tissue with air in the 
bowel or stomach, vertebra especially with tumors located near 
the vertebral column and the rib cage. Hwang et al 20 describes 
that the treatment area must be well visualized on pretreatment 
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Table 1. Size of the Target and Ablation Zones in Various Phantom Models (n=10 per model) 



Target zone, mm Ablation zone, mm Size difference (post-Tx-pre-Tx), mm 





X 


Y 


Z 


X 


Y 


Z 


X, p-value* 


Y, p-value* 


Z, p-value* 


Metal stent 


13.61±0.49 


13.61±0.49 


15.27±0.28 


23.83±9.94 


24.18±12.35 


19.23±2.97 


12.02, 0.017 


14.54, 0.093 


4.62, 0.009 


Plastic stent 


13.43±0.04 


13.43±0.04 


15.25±0.31 


27.27±8.52 


27.02±9.32 


19.34±3.30 


15.57, 0.007 


13.59, 0.005 


4.09, 0.005 


Metal plate 


13.65±0.47 


13.65+0.47 


15.36±0.93 


16.13±7.09 


16.08±7.46 


21.92±10.04 


3.38, 0.008 


3.24, 0.005 


6.18, 0.333 


Cyst 


13.40±0 


13.40±0 


15.20±0 


36.32±2.360 


35.47±1.799 


28.10±3.097 


22.92, 0.005 


22.07, 0.005 


12.9, 0.005 


Bone 


12.26±3.78 


12.25±3.78 


13.79±4.21 


21.70±10.95 


21.71±10.09 


21.16±8.16 


10.61, 0.012 


10.58, 0.009 


7.37, 0.005 



Data are presented as mean±SD. 
Tx, treatment. 

*Wilcoxon signed rank test (p<0.05). 



ultrasound images for treatment to proceed, otherwise, collateral 
damage is typically observed around the intended treatment 
region. The observation that pre-treatment image planning can 
be used to predict changes in the HMJ lesion production and to 
prevent collateral damge is important. 20 Thereby, it is imperative 
that careful patient selection and preoperative evaluation should 
be carried out with great care prior to HMJ. 

Another factor that play a significant role is the aperture of 
the transducer used to deliver HMJ ablation. A transducer with 
a wide aperture would reduce the damage to surrounding soft 
tissue and allow higher acoustic energy to be concentrated to 
the ablation focus. However, the large acoustic window required 
for a wider aperture is more likely to encounter interference or 
anatomical barriers. While a narrower and smaller aperture re- 
duces the possible obstacle to the energy pathway, the concen- 
trated ultrasound beam has a very high thermal ablation energy 
delivered to a small focal point that may give a rise to higher 
complication rates and possibly induce intraprocedural pain. 

Although phantom models do not reflect the true in vivo 
clinical picture, this study suggests that the presence of artifi- 
cial and anatomical structures could affect the propagation of 
the ultrasound beams altering the target ablation focus. Careful 
evaluation and attention to these factors during the planning 
stage of HMJ for patients with locally advanced pancreatic tu- 
mors may avert major harmful complications. 
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